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CHAPTER 


Modern Tools of Surveying 





Theodolite is an instrument which replaced compass and level. It can measure both horizontal and 
vertical angles. If telescope is kept at zero reading of vertical angle it serves as an ordinary level. In this 
modern era of electronics equipments have come up to measure the distances to relieve surveyor from 
chaining long lines. Total station is another modern survey equipment which combines the features of 
theodolite and electromagnetic distance measurement (EDM) instruments. Global positioning system 
is an instrument, which establishes global position of the station making use at least 4 satellite stations. 
In this chapter all these modern tools of surveying are briefly explained. 


| 16.1 THEODOLITE 


It is a commonly used instrument for measuring horizontal and vertical angles. It is used for prolonging 
a line, levelling and even for measuring the distances indirectly (techeometry). Using verniers angles 
can be read accurately up to 20”. Precise theodolites are available which can read angles up to even 1” 
accuracy. They use optical principle for more accurate instruments. Now a days electronic theodolites 
are also available which display the angles. 


In this article construction and use of vernier theodolite is explained. 


16.1.1 Parts of a Vernier Theodolite 


Figure 16.1 shows a sectional view of a typical vernier theodolite and plate 16.1 shows photograph of 
such theodolite. Main parts of such a theodolite are: 
1. Telescope: A telescope is mounted on a horizontal axis (trunnian axis) hence it can rotate in 
vertical plane. Its length varies from 100 mm 175 mm and its diameter is 38 mm at objective 
end. Its functions is to provide a line of sight. 
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9. Foot crews 

10. Levelling head 
11. Tripod head 

12. Tripod 

13. Plumb bob 

14. Altitude level 

15. Focussing screw 


16. Vertical circle 


Fig. 16.1. Sectional view of a transit theodolite 





Plate 16.1 Theodolite 
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2. Vertical Circle: A vertical circle graduated up to an accuracy of 20’ is rigidly connected to 
the telescope and hence moves with it when the telescope is rotated in vertical plane. 


The graduations are in quadrantal system, 0-0 line being horizontal (Ref. Fig. 16.2). 
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Fig. 16.2 


3. Vernier Frame: It is a T-shaped frame (Fig. 16.3) consisting of a vertical arm and a horizontal 
arm. With the help of the climping screws the vertical frame and hence the telescope can be 
clamped at desired angle. Vertical frame is also known as T-frame or index frame. 

The vernier arm is known as index arm. At the ends it carries verniers C and D so as to read 
graduations on vertical circle. They are provided with glass magnifiers. Altitude bubble tube 
is fitted over the horizontal arm. 
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Fig. 16.3 


4. Standards or A-Frame: The frames supporting telescope are in the form of English letter 
‘A’. This frame allows telescope to rotate on its trunnian axis in vertical frame. The T-frame 
and the clamps are also fixed to this frame. 


5. Upper Plate [Fig. 16.4]: Upper plate supports standards on its top surface. On lower side it 
is attached to a inner spindle which rotates in the outer spindle of lower plate. Using upper 
clamp, upper plate can be clamped to lower plate. Using tangent screws, it is possible to give 
slight relative motion between the two plates, even after clamping. Two diametrically opposite 
verniers A and B fixed to upper plate help in reading horizontal circle graduations. They are 
provided with magnifying glasses. 
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Fig. 16.4 


6. Lower Plate: The lower plate, attached to the outer spindle carries a graduated circle at its 
bevelled edge. Graduations are up to an accuracy of 20’. It can be clamped at any desired 
position using lower clamps. If upper clamp is locked and the lower one is loosened the two 
plates rotate together. If the upper clamp is loosened and lower clamp locked, upper plate 
alone rotates. This mechanism is utilised in measuring horizontal angle. 


7. Plate Level: One or two plate level tubes are mounted on the upper plate. If the two level 
tubes are provided they will be at right angles to each other one of them being parallel to 
trunnion axis. These levels help in making the vertical axis of the instrument truely vertical. 


8. Levelling Head: It consists of two parallel triangular plates known as tribratch plates. The 
upper tribratch plate is provided with three levelling screws—each one carried by a arm of 
tribratch plate. By operating screws the levelling of upper plate and hence telescope can be 
ensured. The lower tribratch can be fitted into a tripod head. 


9. Tripod: Theodolite is always used by mounting it on a tripod. The legs of tripod may be 
solid or framed. At the lower end the legs are provided with steel shoes to get good grip with 
the ground. The top of tripod is provided with external screw to which the lower tribratch 
plate can be screwed. When not in use tripod head may be protected with a steel cap, provided 
for this purpose. 


10. Plumb Bob: A hook is provided at the middle of lower tribratch plate from which a plumb 
bob can be suspended. It facilitates exact centering of the theodolite on a station. 


11. Shifting Head: It is provided below the lower plate. In this, one plate slides over another 
over a small area of about 10 mm radius. The two plates can be tightened in the desired 
position. It facilitates exact centering of the instruments. 


12. Magnetic Compass: In some theodolites a magnetic compass is fixed on one of the strands. 
It is useful if readings are to be recorded with magnetic north as meridian. 


16.1.2 Use of Theodolite 


Theodolite is used for measuring horizontal and vertical angles. For this the theodolite should be centered 
on the desired station point, levelled and telescope is focussed. This process of centering, levelling and 
focussing is called temporary adjustment of the instrument. 
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Measurement of Horizontal Angle 
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Fig. 16.5 


The procedure is explained for measuring horizontal angle 8 = PQR at station Q (Ref. Fig. 16.5) 


1. 


Set the theodolite at Q with vertical circle to the left of the line of sight and complete all 
temporary adjustments. 


. Release both upper and lower clamps and turn upper plate to get 0° on the main scale. Then 


clamp main screw and using tangent screw get exactly zero reading. At this stage vernier A 
reads 0° and vernier B reads 180°. 


. Through telescope take line of sight to signal at P and lock the lower clamp. Use tangent 


screw for exact bisection. 


. Release the upper clamp and swing telescope to bisect signal at R. Lock upper clamp and 


use tangent screen to get exact bisection of R. 


. Read verniers A and B. The reading of vernier A gives desired angle PQR directly, while 


180° is to be subtracted from the reading of vernier B to get the angle PQR. 


. Transit (move by 180° in vertical plane) the telescope to make vertical circle to the right of 


telescope. Repeat steps 2 to 5 to get two more values for the angle. 


. The average of 4 values found for 0, give the horizontal angle. Two values obtained with face 


left and two obtained with face right position of vertical circle are called one set of readings. 


. If more precision is required the angle may be measured repeatedly. i.e., after step 5, release 


lower clamp, sight signal at P, then lock lower clamp, release upper clamp and swing the 
telescope to signal at Q. The reading of vernier A doubles. The angle measured by vernier B 
is also doubled. Any number of repetitions may be made and average taken. Similar readings 
are then taken with face right also. Finally average angle is found and is taken as desired 
angle ‘Q’. This is called method of repetition. 


. There is another method of getting precise horizontal angles. It is called method of reiteration. 


If a number of angles are to be measured from a station this technique is used (Fig. 16.6). 
With zero reading of vernier A signal at P is sighted exactly and lower clamp and its tangent 
screw are locked. Then 0, is measured by sighting Q and noted. Then 0,, 0, and 0, are 
measured by unlocking upper clamp and bisecting signals at R, S and P. The angles are 
calculated and checked to see that sum is 360°. In each case both verniers are read and similar 
process is carried out by changing the face (face left and face right). 
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Fig. 16.6 


Measurement of Vertical Angle 
Horizontal sight is taken as zero vertical angle. Angle of elevations are noted as +ve angles and angle of 
depression as —ve angles. 
To measure vertical angle the following procedure may be followed: 
1. Complete all temporary adjustment at the required station. 


2. Take up levelling of the instrument with respect to altitude level provided on the A — frame. 
This levelling process is similar to that used for levelling dumpy level i.e., first altitude level 
is kept parallel to any two levelling screws and operating those two screws bubble is brought 
to centre. Then by rotating telescope, level tube is brought at right angles to the original 
position and is levelled with the third screw. The procedure is repeated till bubble is centred 
in both positions. 


3. Then loosen the vertical circle clamp, bisect P and lock the clamp. Read verniers C and D to 
get vertical angle. Take the average as the actual vertical angle. 


16.2 ELECTROMAGNETIC DISTANCE MEASURING INSTRUMENTS 


Sun light or artificially generated electromagnetic waves consists of waves of different lengths. The 
spectrum of an electromagnetic wave is as shown below: 
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Among these waves microwaves, infrared waves and visible light waves are useful for the distance 
measurement. In EDM instruments these waves are generated, modulated and then propagated. They 
are reflected at the point up to which distance is to be measured from the instrument station and again 
received by the instrument. The time taken by the wave to travel this 2x distance may be measured and 
knowing the velocity of wave, the distance may be calculated. However time is too short, measuring the 
time taken is difficult. The improved techniques use phase difference method in which the number of 
completed wave and incomplete wave is measured. Knowing the length of wave, distances are calculated. 
Built up microprocessors provided in the instrument calculate the distances and display it by liquid 
crystal display (LCD). 

EDM instruments may be classified into the following three types: 

1. Micro wave instruments 
2. Infrared wave instruments 


3. Light wave instruments. 


16.2.1 Micro Wave Instruments 


These instruments make use of micro waves. Such instruments were invented as early as 1950 in South 
Africa by Dr. T.L. Wadley and named them as Tellurometers. The instrument needs only 12 to 24 V 
batteries. Hence they are light and highly portable. Tellurometers can be used in day as well as in night. 
The range of these instrument is up to 100 km. It consists of two identical units. One unit is used as 
master unit and the other as remote unit. Just by pressing a button, a master unit can be converted into 
a remote unit and a remote unit into a master unit. It needs two skilled persons to operate. A speech 
facility is provided to each operator to interact during measurements. 


16.2.2 Infrared Wave Instruments 


In these instrument amplitude modulated infrared waves are used. Prism reflectors are used at the end 
of line to be measured. These instruments are light and economical and can be mounted on theodolite. 
With these instruments accuracy achieved is + 10 mm. The range of these instruments is up to 3 km. 
These instruments are useful for most of the civil engineering works. These instruments are available in 
the trade names DISTOMAT DI 1000 and DISTOMAT DI 55. 


16.2.3 Light Wave Instruments 


These instruments rely on propagation of modulated light waves. This type of instrument was first 
developed in Sweden and was namad as Geodimeter. During night its range is up to 2.5 km while in day 
its range is up to 3 km. Accuracy of these instruments varies from 0.5 mm to 5 mm/km distance. These 
instruments are also very useful for civil engineering projects. 


The advantage of using EDM instruments is the speed and accuracy in measurement. Several 
obstacles to chaining are automatically overcome when these instruments are used. 
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i 16.3 TOTAL STATION 


It is combination of EDM instrument and electronic theodolite. It is also integrated with microprocessor, 
electronic data collector and storage system. The instrument can be used to measure horizontal and 
vertical angles as well as sloping distance of object to the instrument. Microprocessor unit processes the 
data collected to compute: 


1. average of multiple angles measured 

2. average of multiple distance measured 

3. horizontal distance 

4. distance between any two points 

5. elevation of objects and 

6. all the three coordinates of the observed points. 


Data collected and processed may be down-loaded to computers for further processing. Total 
station is a compact instrument and weighs 50 to 55 N. A person can easily carry it to the field. Total 
stations with different accuracies, in angle measurement and different range of measurements are available 
in the market. Figure 16.7 shows one such instrument manufactured by SOKKIA Co. Ltd. Tokyo, 
Japan. 
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1. Handle 16. Optical plummet reticle cover 
2. Handle securing screw 17. Optical plummet eyepiece 
3. Data input/output terminal 18. Horizontal clamp 
(Remove handle to view) 19. Horizontal fine motion screw 
4. Instrument height mark 20. Data input/output connector (Besides 
5. Battery cover the operation panel on SET600/600S) 
6. Operation panel 21. External power source connector 
7. Tribrach clamp (Not included on SET600/600S) 
(SET300S/500S/600S: Shifting clamp) 22. Plate level 
8. Base plate 23. Plate level adjusting screw 
9. Levelling foot screw 24. Vertical clamp 
10. Circular level adjusting screws 25. Vertical fine motion screw 
11. Circular level 26. Telescope eyepiece 
12. Display 27. Telescope focussing ring 
13. Objective lens 28. Peep sight 
14. Tubular compass slot 29. Instrument center mark 


15. Optical plummet focussing ring 


Fig. 16.7. Parts of total station 
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Brief Description of Important Operations 


Distance Measurement: Electronic distance measuring (EDM) instrument is a major part of total 
station. Its range varies from 2.8 km to 4.2 km. The accuracy of measurement varies from 5 mm to 10 
mm per km measurement. They are used with automatic target recognisers. The distance measured is 
always sloping distance from instrument to the object. 


Angle Measurements: The electronic theodolite part of total station is used for measuring vertical 
and horizontal angle. For measurement of horizontal angles any convenient direction may be taken as 
reference direction. For vertical angle measurement vertical upward (zenith) direction is taken as reference 
direction. The accuracy of angle measurement varies from 2 to 6 seconds. 


Data Processing : This instrument is provided with an inbuilt microprocessor. The microprocessor 
averages multiple observations. With the help of slope distance and vertical and horizontal angles 
measured, when height of axis of instrument and targets are supplied, the microprocessor computes the 
horizontal distance and X, Y, Z coordinates. The processor is capable of applying temperature and 
pressure corrections to the measurements, if atmospheric temperature and pressures are supplied. 


Display: Electronic display unit is capable of displaying various values when respective keys are 
pressed. The system is capable of displaying horizontal distance, vertical distance, horizontal and vertical 
angles, difference in elevations of two observed points and all the three coordinates of the observed 
points. 


Electronic Book: Each point data can be stored in an electronic note book (like compact disc). 
The capacity of electronic note book varies from 2000 points to 4000 points data. Surveyor can unload 
the data stored in note book to computer and reuse the note book. 


Use of Total Station 


The instrument is mounted on a tripod and is levelled by operating levelling screws. Within a small 
range instrument is capable of adjusting itself to the level position. Then vertical and horizontal reference 
directions are indexed using onboard keys. It is possible to set required units for distance, temperature 
and pressure (FPS or SI). Surveyor can select measurement mode like fine, coarse, single or repeated. 
When target is sighted, horizontal and vertical angles as well as sloping distances are measured and by 
pressing appropriate keys they are recorded along with point number. Heights of instrument and targets 
can be keyed in after measuring them with tapes. Then processor computes various information about 
the point and displays on screen. This information is also stored in the electronic note book. At the end 
of the day or whenever electronic note book is full, the information stored is downloaded to computers. 


The point data downloaded to the computer can be used for further processing. There are software 
like auto civil and auto plotter clubbed with autocad which can be used for plotting contours at any 
specified interval and for plotting cross-section along any specified line. 


Advantages of Using Total Stations 


The following are some of the major advantages of using total station over the conventional surveying 
instruments: 
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. Field work is carried out very fast. 
. Accuracy of measurement is high. 


. Manual errors involved in reading and recording are eliminated. 


BW NY Fe 


. Calculation of coordinates is very fast and accurate. Even corrections for temperature and 
pressure are automatically made. 
5. Computers can be employed for map making and plotting contour and cross-sections. Contour 
intervals and scales can be changed in no time. 
However, surveyor should check the working condition of the instruments before using. For this 
standard points may be located near survey office and before taking out instrument for field work, its 
working is checked by observing those standard points from the specified instrument station. 


fi16.4 GLOBAL POSITIONING SYSTEM 


The station points used in surveying are to be identified before executing any project: For this purpose, 
surveyors used permanent objects as reference points and made reference sketches of station points. 
Navigators used sun and stars as references. Sometimes when the project is taken up the so called 
parmanent object (like building corner) may not exist when the execution of project work is taken up. 
For navigations weather conditions may obstruct the observations. Now a days this problem is over- 
come by using an instrument called Global Positioning System (GPS). This was developed by United 
States defence department and was called as Navigational System with Time and Ranging Global 
Positioning System (NAVSTAR) or which is now simply known as GPS. 


There are 24 geostationary satellites positioned around the earth by US air force. These satellites 
are used as reference points to locate any point on the earth. These satellites are at an altitude of 20200 km 
above the earth. The 24 satellites are positioned such that from any point on the earth a minimum of 4 
satellites are visible. 


Auser needs only GPS receiver. The receiver measures the travel time of the signals from satellites 
and calculate position (latitude and longitude) and the elevation altitude of the station with reference to 
a selected datum. The advantages of using GPS are: 


1. Can be used in day as well as in night. 

2. Intervisibility of the two stations on the earth is not a requirement. 
3. Time required to establish the position of a point is much less. 

4. Man power required is less. 


5. Accuracy is high. Most expensive GPS provide accuracies within 10 mm. 


Uses of GPS 


GPS is very useful in 


1. Marine navigation 2. Airborne aviation 
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3. Surveying of land. 4. Sports such as yatching, hiking. 


5. The sophistication of GPS has improved so much that drivers of automobiles can get directions 
to their destinations easily on the screen. 


| QUESTIONS 


SY Le 


Explain how you measure horizontal angle with a theodolite? 

What is meant by face left and face right readings in theodolite survey? 

What is meant by method of repetition and method of reiteration in theodolite survey? 
Write short notes on the following: 

(a) EDM instruments (b) Total station 

(c) Global positioning system. 


